
DNA Microarrays for Bioagent Detection

3 Feb 2004

Roland Stoughton – Genomic HealthCare
Cliff Lewis – SAIC

Mark Eshoo – Ibis Therapeutics



Chart 2

Massively 
Parallel 
Readout

Broad-Genome 
Amplification

Choose Specific Indicator Sequences

(Loss of Information)Divide Sample
(Loss of Information)

Comprehensive 
Reporter Set

Database
Genome Sequence

Pathogenicity

Our Approach

Threat-Specific Primers 
(e.g., TaqMan)

Threat Signatures

(Sensitive to Assumptions)

Optimal Parallel 
Detection and 
Classification

Specific Test A 

Specific Test B 

Specific Test C 

Specific Test D 

Specific Test E

A Present?

B Present?

C Present?

D Present?

E Present?



Chart 3

DNA Microarrays for Bioagent Detection

• Microarray Probe Design Strategies

• Hybridization Model for Detection and System Simulation

• Detection Results for Bacteria
– Detection of Individual Threats in Air Clutter Background

– Parsing of the Anthracis Clade

• Summary
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Probe Design Approaches

• How to detect all threats and distinguish 
near neighbors?

Conserved sequence regions are robust 
detectors, but don’t discriminate close 
neighbors.
Threat-unique sequences are good at 
discrimination, but may fail to detect due to 
strain variation or bioengineering.
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Threat-Specific Probes for Resolution 
Clade-Specific Probes for Robustness
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Microarray Probe Design Strategies
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Detection Relies on Model for Threat 
Genome Hybridization

• Need to relate threat sequence and abundance to 
hyb intensity

• Model is crude but adequate
– Assumes equilibrium
– Different molecular species do not interfere
– Based on ‘Nearest Neighbor’ quartet energies
– Tuned to surface-phase hybridization
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Nearest-Neighbor Model is Tuned for 
Surface-Phase Hybridization
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Having Many Probes per Threat 
Allows Robust Detection

Streptococcus in Air
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PD - PFA Performance Should Be Adequate 
for Monitoring Applications

Streptococcus in Air
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Detection of Anthracis in Air
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Probe Diversity Also Enables Discrimination 
Between Phylogenetic Near-Neighbors
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DNA Microarrays for Bioagent Detection
Summary

• Ability to dedicate many reporters to each threat 
provides robust detection and discrimination

• Clade-specific probes should provide additional 
robustness to strain variation and bioengineering

• Without much optimization, microarray sensitivity is 
already down to low number of genome copies 

• DNA clutter from 18,000 L air sample (indoor 
collection) did not prevent robust detection of Strep
and B. Anthracis



Chart 14

BACKUP
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SAIC/Ibis Differs from LLNL Approach

Potentially supports simultaneous 
quantitation of multiple threats 
down to a few genome copies, but 
amplification needs work

Will suffer more from background 
clutter

Obtain best resolution and 
robustness to unknown variants

• No sample division
• Linear amplification

• Broad genome 
amplification

• Probes for conserved and 
for unique regions
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Derivation of [L]0 (page 2/2)

(8) f
SI
SI

R
D

Max
==

0
where f is the fraction of receptor sites bound, and SI is signal intensity

)()1()1()1(
][

0

0

SISIK
SI

SI
SIK

SI
SI

fK
f

R
DK

R
D

L
Maxa

Max
a

Max

a
a

−
=

−
=

−
=

−
=

AV
LL

N
DLVLV += ][][ 0

by conservation of ligand mass, where VL is the ligand 
(sample) volume and NAV is Avogadro’s number 

LAVMaxMaxa VNSI
RSI

SISIK
SIL

××
×

+
−

=
0

0
)(

][

(9) rearranging (7), and plugging in (8)

(10)

(11) combining (9) and (10)



Chart 18Chart 1

LLHR Equations

( )
( )

( )

( ) ( )

( ) ( )

1

0

1
; , , ,( )

; , , ,
1

1log ( ) log log
1

n kk

fa k n k
fa fa

fa fa

n
r rkp H r n kk np H R n k
R Rk

r rk k n k
R R

τ
τ

−

−

   −    Λ = =    −    
   −  Λ = + −      −   

Qualitative:

Quantitative:

If organism is present in sample, the probability of the SI of k out of n 

probes being above SNR threshold  given genomic representation r
( )

If organism is not present in sample, the probability of
k

τ
Λ =

fa

 the SI of k out of n

probes being above SNR threshold  given single probe false alarm rate Rτ

 Number of organism reporter probes

 Number of probes with SNR above threshold 

 Representation of genome in amplified sample

 Probability of reporter probe exceeding SNR 

          threshold d
fa

n

k

r

R

τ

=

=

=

=

ue to clutter/noise

 Single probe SNR thresholdτ =



Chart 19


	DNA Microarrays for Bioagent Detection
	Probe Design Approaches
	Microarray Probe Design Strategies
	Detection Relies on Model for Threat Genome Hybridization
	Nearest-Neighbor Model is Tuned for Surface-Phase Hybridization
	Having Many Probes per Threat Allows Robust Detection
	PD - PFA Performance Should Be Adequate for Monitoring Applications
	Detection of Anthracis in Air
	Probe Diversity Also Enables Discrimination Between Phylogenetic Near-Neighbors
	DNA Microarrays for Bioagent DetectionSummary
	
	SAIC/Ibis Differs from LLNL Approach

